One new diterpenoid alkaloid, pubescensine (1), along with nine known diterpenoid alkaloids (2-10) were isolated from the roots of Aconitum soongaricum var. pubescens. Their structures were elucidated by spectroscopic analyses and comparison with previously reported data. All the compounds were evaluated for their antifeedant activities. The aconitine-type diterpenoid alkaloids (1-6) showed considerably potent antifeedant activity (EC 50 < 1 mg/cm 2 ), while the activities of napelline-type diterpenoid alkaloids (compds. 7, 9 and 10) were not significant (EC 50 > 50 mg/cm 2 ).
Much attention has been paid to diterpenoid alkaloids not only for their complex structures, but also for their biological activities such as anti-inflammatory, analgesic, anti-arrhythmia, antifungal, and cytotoxic properties [1] [2] [3] , as well as insecticidal and antifeedant activities [4] [5] [6] . Recently, in the course of our investigation of new bioactive diterpenoid alkaloids from plants of the genera Aconitum and Delphinium, we discovered that the crude alkaloid extract from A. soongaricum var. pubescens roots possesses significant feeding deterrent activity against Pieris rapae Linne. Chemical investigation of the active extract led to the isolation of ten diterpenoid alkaloids: pubescensine (1), 3-deoxyaconitine (2), aconitine (3), 15-α-hydroxyneoline (4), taurenine (5) , bullatine B (6), songorine (7), 15-acetylsongorine (8) , songoramine (9) and 12-epi-napelline (10) (Figure 1 ). Among these compounds, 1 is a new diterpenoid alkaloid. In this paper, we report the isolation, structure elucidation and antifeedant activities of these alkaloids. Pubescensine (1) was obtained as a white amorphous powder. Its molecular formula was determined to be C 33 H 45 NO 10 [7] .
Comparison of the 1D-NMR data of 1 with those of the known alkaloid 3-deoxyaconitine (2) [8] indicated that there was a hydroxyl group at C(1) in 1 instead of the methoxyl group in 2, which was also confirmed by the difference of 14 mass units between the two compounds. The hydroxyl group at C(1) was assigned an α-orientation based on the signal of H-1 at δ H 3.67 (broad singlet) and the resonance of C-1 at δ C 71.9 in the NMR spectra [7] , which was further supported by the cross-peaks between H-C(1) with H-C(10) and H-C(10) with H-C(14) in the ROESY spectrum. Their chemical shifts and multiplicity (Table 1) suggested that ring A possesses a boat conformation [7] . The complete planar structure of 1 was further verified by the analyses of the HMBC and 1 H-1 H COSY spectra ( Figure 2 ). The configuration of 1 could be assigned as H β -C(1), H β -C(6), H β -C(10), H β -C(14), H β -C(15) and H α -C(16) based on the observation of the related cross-peaks in its ROESY spectrum ( Figure 2 ). Thus, the structure of pubescensine was assigned to be 1. The structures of compounds 2-10 were identified by comparison of their spectral data with those described in the literature [8] [9] [10] [11] [12] [13] [14] [15] [16] . The antifeedant activities of the isolated compounds 1-10 were evaluated against Pieris rapae Linne ( Table 2 ). The most antifeedant activity was found for compounds 3, 1 and 2 (EC 50 < 0.05 mg/cm 2 ), respectively, followed by 6, 4 and 5 (EC 50 < 1 mg/cm 2 ). The antifeedant activities of napelline-type diterpenoid alkaloids (7, 9 and 10) were not significant (EC 50 > 50 mg/cm 2 ). When the antifeedant activities of the compounds were compared for different classes, the napelline-type diterpenoid alkaloids were less active than the aconitine-type diterpenoid alkaloids. 
Experimental
General: Optical rotations, Perkin-Elmer 341 polarimeter; NMR, Bruker AV600; IR, Thermo Fisher Nicolet 6700; HR-ESI-MS, Waters ACQUITY UPLC/Xevo G2-S QTOF mass spectrometer. Antifeedant bioassays: A Pieris rapae colony was reared on cabbage foliage and maintained at 24 ± 1°C, > 70% relative humidity with a photoperiod of 16:8 h (L: D) in a growth chamber.
The antifeedant properties of the test compounds were evaluated using the choice leaf-disc method described by González-Coloma et al. [17, 18] . Choice experiments were conducted with newlyemerged third-instar larvae of P. rapae. Fresh cabbage leaves were cut into leaf discs (2 cm diameter) and then treated on the upper surface with 15 μL of either the test substance emulsions or deionized water containing acetone and Tween-20 (10: 0.012, v/v) for control. After air drying for 1 h, 2 treated leaves and 2 control leaves were arranged alternatively on 2% agar beds (2-3 mm) in 15 cm diameter Petri dishes. Four healthy and starved 3 h instars were placed in each dish and allowed to feed in a growth chamber (environmental conditions as described above). Three replicates were prepared for each treatment. Feeding was terminated after consumption of 50−70% of the control disks, and then the area of leaves consumed was examined with a LI-3000 portable area meter (American Lincoln Co. Ltd). Percent feeding reduction (%FR) was determined for each arena by the equation:
Where CK and T are control leaf disc areas eaten and treated leaf disc areas eaten, respectively.
Compounds with a FR > 50% were tested in a dose-response experiment to calculate their relative potency (EC 50 values, the effective dose for 50% feeding reduction), which was determined from linear regression analysis (%FR on log dose).
Supplementary data: NMR, IR and HR-ESI-MS for compound 1. 
